A survy study was carried out in the River Nile at Helwan area to evaluate water parameters and fish quality from three locations during four seasons. Values of water criteria in the tested area were suitable for rearing Nile tilapia fish. All variables (sampling location and season) and their interaction, significantly (P≤0.05) affected the heavy metal levels in the River Nile water. Water Zn level ranged between 0.021 and 0.056, Cu 0.002-0.049, Pb 0.117-0.176, Cd 0.000-0.000, and Fe 0.038-1.432. Zn, Cu, and Pb were significantly (P ≤0.05) higher at location No. 2 than the other locations, whereas Fe was significantly (P≤0.05) higher at location No.
stressor by altering their physiology to the point that natural resistance and immunity to disease is reduced and they become more susceptible to infectious diseases (Wedemeyer, 1997) . In ectothermic or poikilothermic animals like fish, environmental changes can have significant effects on the immune system. Seasonal and diurnal changes in immune response and disease prevalence have been reported in wild fish; these factors being changes in temperature and light density (Bowden 2008) . Transition of metal elements depends on the distribution of these elements between the dissolved form and molecular shape, as well as on other environmental conditions. Minerals in water bodies are controlled by the physical and chemical equilibrium. The hydro-biogeochemical cycle amend the forms and the presence of these items (Fang et al., 2002) . Therefore, the aim of the present study was to survey the water status in Helwan area (as a polluted area) comparing with a control one (far from industrial factories) from the view point of physico-chemical properties as well as five heavy metals (lead, Pb; cadmium, Cd; cupper, Cu; zinc, Zn and iron, Fe) , besides the levels of these five heavy metals (plus flourine, F) in the most commercial and consumed fish species in Egypt (Nile tilapia, Oreochromis niloticus).
MATERIALS AND METHODS
This study was carried out throughout the four seasons of year 2012 at three stations of the industrial drainage contaminated locations in the River Nile at a part of Great Cairo (Cairo/Giza governorates).
Locations of the collected samples:
Three locations were determined for samples collection; namely location No. 1 is Torah Cement Factory area at Helwan, location No. 2 is Starch and Glucose Factory area, and location No. 3 is Zamalek and Empapa areas. The distance between locations No. 1 and 2 was ca. 1 km, whereas between these and the 3 rd one (Zamalek and Empapa areas, as a control area free from the industrial activities and wastes) was ca. 20 Km.
Collected samples:
Water and fish (Nile tilapia, Oreochromis niloticus) samples were collected from the previously mentioned locations during the 1 st season (winter, 16-18 February 2012 from locations No. 1, 2, and 3, respectively), 2 nd season (spring, 4-6 May for the three locations, respectively), 3 rd season (summer, 31/7, 3/8, and 2/8, from the three locations, respectively), and 4 th season (autumn, 14, 15, and 18/10/2012 , from the three locations, respectively). Fish samples (each of 20 fish, 10 for muscles analysis and the other 10 for the whole body analysis, each 10 fish were considered as a collective sample to be analyzed in triplicates) were caught by fisherman's net, and water samples were collected in 2-liter clean bottles from a 2-meter depth of the River Nile using a 2-meter wooden raw fitted to 2 bottles to be complete filled with water (without any air bubbles) from this depth.
Samples preservation:
After catching the fish samples, fish were kept in plastic bags, tied well, transported directly to the laboratory and kept frozen in a deep freezer at-20˚C. Whereas water samples in the collecting bottles were kept directly in a refrigerator at + 4 ˚C.
Tested parameters:
Fish weight and total length were recorded individually for the nearest one gram and centimeter, respectively according to Abdelhamid (1996) for all fish. Two water samples collected from each location and season were analyzed physico-chemically besides the analyses for the heavy metals (Pb, Cd, Zn, Cu, and Fe) . About 20 fish were caught from each location and season, weight and total length for each fish were recorded, and then fish were sub-divided into 2 parts, one for filleting for the flesh (muscles) analysis (proximate analysis for dry matter, crude protein, ether extract, and ash) and heavy metals (Pb, Cd, Zn, Cu, Fe, and F) , and the other was analyzed as a whole (fish carcass) for the muscles. All tested parameters were carried out at the Regional Center for Food and Feed, Agricultural Research Center. Chemical analysis of fish samples from different sampling locations and seasons was carried out according to AOAC (1995) .
Analyses of physico-chemical parameters of water were carried out according to Abdelhamid (1996) including color, odor, specific gravity, pH (Orion 710A, U.S.A), conductance, salinity (Thermo Electron Corporation, U.S.A), turbidity (Turbidimeter, Orbco Hellinge, U.S.A), hardness, carbonate (CO 3 ), bicarbonate (HCO 3 ), dissolved oxygen (DO), sulphate (SO4) (T80 UV/VIS Spectpometercc, PG Instruments Ltd), total solids (T.S), total dissolved solids (T.D.S), and total suspended solids (T.S.S) (Oven, Heraeus Instruments, German). The analyses of heavy metals (Pb, Cd, Zn, Cu, Fe, and F) in water (without digestion, and no F) and fish samples (after digestion) were carried out according to AOAC (2006) , using Atomic Absorption spectrometer (ZEE nit 700P, Analytic Jena, Germany) with lamps' wave lengths 283.3 for Pb, 228.8 for Cd, 213.9 for Zn, 324.8 for Cu, and 248.3 for Fe, equipped with MHS-10 hydride generation system. Fe, Cu, Cd, Pb and Zn irons were analyzed using a gas mixture of C 2 H 2 / air (flow rate of 50 nl / h for Cd, Cu, and Zn and 65 nl / h for Pb and Fe) flame atomic absorption spectrophotometer (and spectrophotometrically for the flourine in fish samples, using ATi Orion 940). The burner height was 8 cm, fuel flow 30, oxidant flow 60, and slide width 0.7 nm. Blank samples from the used chemicals as well as specked samples (internal standards) were undertaken to correct the obtained data.
Statistical Analysis:
Using S. A.S. (2001) and Duncan (1955) , numerical data collected were statistically analyzed for analysis of variance and least significant difference as well as Pearson correlation.
RESULTS AND DISCUSSION
Water analyses: Physical parameters: Table 1 presents some physical parameters measured in the River Nile water from the three tested locationd throughout the four seasons. All tested samples were colorless and odorless. The specific gravity ranged between 0.9622 (at location No. 1 in spring and location No. 3 in summer) and 1.0025 (at location No. 1 in summer) g/ml at 30 °C. The pH values were in the range 6.8-8.8 at the 1 st location during spring and autumn, respectively. Conductivity (m hos/cm) was lowest (17) Turbidity (NTU) was lowest (0.1) at location No. 2 in spring and location No. 3 in winter, but the highest (0.7) was at location No. 1 in summer. These variable results are due to location and season, particularly at the industrial locations No. 1 and 2 in summer (for the presence of pollutants from Helwan Torah Cement Factory and Starch and Glucose Factory, comparing with the non industrial location No. 3 as a control area). However, water color is depending on water depth and its planktonic content and salinity, and the color of the surrounding subjects. Water specific gravity is depending on salinity and depth of water (positively) and water temperature (negatively). Water conductivity and salinity are depending on the salts concentration in the water. Turbidity is depending on water content of plankton, floods, rains, fish habits and activity (Abdelhamid, 1994 and 2009a) . Chemical parameters: Table 2 shows the mean values (mg/l) of some chemical parameters measured in the River Nile water throughout the four seasons from different locations. These values ranged between 128-3954 for hardness, 0-210 alkalinity, 2.7-9.4 nitrate, 0-9 carbonate, 68-265 bicarbonate, 4.34-7.14 dissolved oxygen, 1.28-902 sulphate, 133-18520 total solids, 52-15404 total dissolved solids, and 4-3116 for total suspended solids. However, hardness is a measurement of calcium and magnesium ions; whereas, alkalinity is a measurement of carbonate and bicarbonate or the buffering capacity. Dissolved oxygen is depending on the highest from sea surface; water temperature, salinity, and depth; respiration of all organisms and time of day and night. The pH is depending on the presence of plants consuming of CO 2 , presence of nitrogen pollution sources and sedimentation acidity (Abdelhamid, 1994 and 2009a) . These ranges of water criteria are suitable for rearing Nile tilapia fish according to Abdelhamid (1994 Abdelhamid ( , 1996 Abdelhamid ( , 2009a and Abdelhakeem et al. (2002) . However, the suitable water conditions for fish breeding are 50-300 ppm hardness, 50-200 ppm alkalinity, not more than 0.05 ppm NO 3 , not more than 0.4-1.2 ppm Cd, not more than 0.01 ppm Cu, not more than 1.0 ppm Fe, not more than 0.1 ppm Pb, not more than 0.01 ppm Zn, 5 ppm DO at least, and 4.5-10 pH (Abdelhamid, 1994 and 2009a) or 20 ppm at least alkalinity, 6.7-8.6 pH, less than 400 ppm TDS, less than 80 ppm TSS, less than 0.02 ppm NH 3 , 0.0005-0.005 ppm Cd, 0.006-0.03 ppm Cu, not less than 5 ppm DO, less than 0.1 ppm Fe, less than 0.02 ppm Pb, less than 1.0 ppm NO 3 , less than 1.0 ppm NO 2 , less than 5‰ salinity, less than 50 ppm SO 4 , and less than 0.005 ppm Zn (UDEPA, 1979 (UDEPA, -1980 , cited by Abdelhakeem et al., 2002) . Abdelhakeem et al. (2002) classified the fluorine as not critical element; whereas Cu, Cd, Pb and Zn as very toxic elements. So, they gave the following permissible levels in ppm for water: Generally, the laboratories of Egyptian Ministry of Health analyzed water samples from the River Nile during 2012 (from January till December) from great Cairo governorates including water inlets of Giza, Empapa, Roda, Ma'ady, Badrasheen, Gold Island; Starch and Glucose Factory, Tepen 1, Tepen 2 and Hawamdeia for heavy metals. They obtained the following ranges in ppm: 0.0002-0.0048 Cd, 0.001-0.180 Cu, 0.001-0.022 Pb, and 0.001-0.115 Zn. That means that the obtained results in the present study are in accordance with the above mentioned analyses of the Egyptian Ministry of Health concerning Cu and Zn, but disagree concerning Pb levels since the present study gave higher levels (0.117-0.176 ppm). However, Pb content was significantly higher in water in winter than in summer (Abdelhamid and El-Ayouty, 1989) . Lead causes hemorrhages and congestion of the gastrointestinal tract and kidneys of fish (Abdelhamid and El-Ayouty, 1991) . The no effect level of Cd, Pb and Fe in water for growing aquatic life are 0.03, 0.10 and 1.00 ppm, respectively (Yokokawa, 2000) . Comparing these standards with the levels obtained herein, it would be indicated that there is water pollution with Pb in all tested locations and seasons.
Cd in water is negatively affect fish growth, feed and vitamin C utilization. Fe also is toxic for fish, since it damages fish gills and their function. Pb reduces hemoglobin content and red blood cells count of fish (Abdelhamid, 2003) . However, any degree of poisoning will weaken the fish, making it vulnerable towards diseases. Heavy metals can create problems and be concentrated in waterway organisms up to 9100 times more than the surrounding environment's levels, so may lead to acute or chronic effects (WRC, 2005) .
However, Hovanec (1998) mentioned that metals are involved in many aspects of fish keeping and aquarium water metals are acutely toxic while others are necessary for the life of the fish nitrifying bacteria. Still others are responsible for such basic water hardness. For a metal to be toxic, it almost always has ionized or free form. Water hardness can have a drastic effect on metal toxicity. Since the toxicity and biological activity of many metals and metalloids is profoundly influenced by their chemical form. The metabolism of ingested metals could significantly modify their toxicity. The micro-organisms in lakes, rivers and soil could biotransform metallic compounds (Rowland, 1981) .
Moreover, Radwan (2000) reported average values of dissolved heavy metals (Cd, Fe and Pb) in Lake Burullos water as 1.93, 2.46 and 2.67 mg/l, respectively. He added that, levels of heavy metals are correlated with salinity changes due to the discharge of water. However, heavy metal contamination of water is one of the environmental stressors affecting significantly and negatively lysozyme activity of fish serum, intestinal scrapping and skin mucus as well as serum hemolytic activity, leukocytes count, packed cell volume, hemoglobin concentration, plasma protein and glucose concentrations (Abdelhamid et al., 2006a) .
Also, Abdelhamid et al (2013) studied the effects of both collection seasons and collection stations of the fish rearing water as well as their interaction on some heavy metals (Pb, Cd, Cu, Zn and Fe). It reflects their significant (P≤0.0001) effects on these elements' contents in the water. The highest Pb and Cd values, being 1.0 and 1.4 ppm, respectively, Cu 0.160 ppm, Zn 3.200 ppm and Fe 0.300 ppm. Generally, these studied elements took the following descending order: Zn ≥ Cd ≥ Pb ≥ Fe ≥ Cu in water. Fish analyses: Fish growth: Table 4 presents overall mean, standard error of means, and probability level of live body weight, total body length, and condition (K) factor of Nile tilapia fish as affected by different sampling locations and seasons and their interaction. All variables and their interaction significantly (P≤0.05) affected these parameters. Location No, 1 has the best fish weight and total length, but location No. 3 reflected the highest K-factor. Autumn samples gave the best fish weight and total length, but spring fish samples reflected the highest K-factor. However, from the interaction, it is clear that the best fish weight and total length was in location No. 1 in autumn, whereas the highest K-factor was calculated for fish from location No. 3 in spring. Table 5 presents chemical composition of tilapia muscles collected from the tested fish as affected by sampling locations and seasons as well as their interaction. There were no significant (P ≥0.05) differences in chemical composition due to sampling locations; yet, there were significant (P ≤0.05) differences in CP, EE, and ash contents due to sampling seasons. Since winter samples reflected higher CP and EE percentages, whereas autumn and winter samples gave the highest ash percentages. From the interaction, it is clear that the best CP and EE percentages (87.9 and 4.93, respectively) were recorded for fish muscles from sampling location No. 2 in winter. Whole fish composition: Table 6 shows the chemical composition of tilapia carcass as affected by sampling locations and seasons as well as their interaction. There were no significant (P≥0.05) differences in chemical composition due to sampling locations; yet, there were significant (P≤0.05) differences in CP and EE due to sampling seasons. Since spring samples reflected higher CP (61.10) and winter samples gave the highest EE (24.94) percentages. From the interaction, it is clear that the best CP (61.433%) was in location No. 2 in spring which presented the lowest EE (16.073%). Actually, sometimes there were positive relationships between DM on one side and each of CP, EE, and ash percentages on the other side. Also, there were negative relationships between CP on one hand and either EE or ash percentages on the other hand. These relationships were reported too by many authors (El-Ebiary and Zaki, 2003 and Abdelhamid et al., 2005a & b and 2006b ).
The facts of the negative relationship between CP and EE from one side and between dry matter (DM) and CP on the other side were realized in this study. Also, there was a positive relationship between DM and EE contents. These relationships confirm those reported before that a negative relationship was noticed between CP and EE contents of fish body but a location relationship between CP and ash contents was recorded too (Abdelhamid et al., 2000) . But Abdelhamid et al. (2009) found a negative correlation between protein and fat contents of the fish. Abdelhamid et al. (2006b) reported also significant effects of sampling locations and seasons on all proximate analysis of fish body. They found that Port Saied and Marsa Matroh fish reflected higher (P≤0.05) protein than Alexandria and El -Bardawil fish. Yet, the fat and ash contents differed also but not in a clear trend. However, winter fish contained more protein and less fat percentages (P ≤0.05) than those of summer. They attributed the elevated protein content in winter to the lower (P ≤0.05) heavy metals content (Pb and Fe) in fish flesh during this season than in summer. However, some significant correlations were calculated among heavy metals (in water, sediments, and fish) and chemical comomposition of the fish. Table 8 contains data of heavy metals levels (ppm) in tilapia carcass as affected by sampling locations and seasons as well as their interaction. The levels of Zn, Cu, Pb, Fe, and F were significantly (P≤0.05) affected by sampling locations, whereas Zn, Cu, Pb, Fe, and F significantly (P≤0.05) affected by sampling seasons. From the interaction, it is clear that the highest values were reported for Zn (97.63) in whole fishbody from location No. 3 in summer, Cu (10.84) and Fe (5710) 
3-2-Fish carcass' heavy metals:

Bioaccumulation factor (BAF):
In fish muscles: Table 9 : Bioaccumulation factor (dividing the element level in fish muscles by the same element level in the water and multiplying by 100) of different heavy metals in Nile tilapia muscles as affected by different sampling locations and seasons and their interaction. In whole fish carcass: Abdelhamid (1994 and 2009a) cited that heavy metals are harmful, so Cu, for example, leads to discoloration, degrowth, congestion of gills, liver, and lower digestive tract, and damaged kidneys and liver of fish. Yet, Abdelhakeem et al. (2002) classified the fluorine as not critical element; whereas Cu, Cd, Pb and Zn as very toxic elements. So, they gave the following permissible levels in ppm in fish: The concentration of some heavy metals (Fe, Zn, Cu, Pb, Cd and Co) in water and liver, gills, intestine, testis, heart and muscle of O. niloticus and L. niloticus obtained from four khors (El-Ramla, Kalabsha, Korosko and Toushka) of Lake Nasser, Egypt, during 2006 was investigated (using atomic absorption spectrophotometry) with emphasis on the histological alterations in these organs. Metal concentrations in the water of khors (mg/l) followed an abundance of: Fe > Zn > Pb > Cu > Cd > Co. The highest values of metals were reported in khor Toushka. It was found that the metals were accumulated in different tissues of both fish by various levels, where, the non-edible parts accumulated more metals than the edible muscles. Zn, Cu, Pb and Cd concentrations in the fish muscles were below the maximum permissible limit, however, Fe in the muscles exceeded the permissible limit. Several histopathological alterations, including vacuolar degeneration with focal areas of necrosis in liver, proliferation in the epithelium of gill filaments and fusion of secondary lamellae, severe degenerative and necrotic changes in the intestinal mucosa and seminiferous tubules, degeneration and atrophy in cardiac muscle fibers and degeneration in muscle bundles were observed in the studied tissues of both fish as a result of the accumulated metals (Mohamed, 2008) .
The concentrations of heavy metals including Fe, Zn, Cu, Mn, Cd and Pb in water and sediments in northern Delta Lakes (Edku, Borollus and Manzala) and their accumulation in Nile tilapia (Oreochromis niloticus) organs (muscle, gills and liver) were investigated. Water, sediments and fish organs from Lake Manzala showed greater concentrations of most of the studied metals than those from Lake Edku and Lake Borollus. Fe, Mn, Cd and Pb (in Lake Manzala) and Mn and Pb in Lake Borollus recorded levels above the international permissible limits in water. In sediment samples Mn (in Lake Edku) and Cd (in Lake Manzala) recorded higher values than the sediment quality guidelines. Gills and Liver of O. niloticus contained the highest concentration of most the detected heavy metals, while muscles appeared to be the last preferred site for the bioaccumulation of metals. The edible part of O. niloticus showed higher levels of Cd (in Lake Edku and Manzala) and Pb (in Lake Manzala). Nile tilapia caught from these two Lakes may pose health hazards for consumers (Saeed and Shaker, 2008) .
Concentrations of some heavy metals (Pb, Cd, Hg, Cu and Cr) were determined in water, sediment and tissues of tilapia fish collected from Wadi Hanifah during summer 2010. The concentrations of the heavy metal in water were within the international permissible level. Cu had the highest accumulating level in fish. The transfer factors of all metals in fish from water were greater than those from sediments. This led to the conclusion that fish bioaccumulation with these metals was from water. Heavy metals in the edible parts of tilapia were within the safety permissible level for human use (Abdel-Baki et al., 2011) .
On Rosetta branch of River Nile in Egypt, there are some industrial cities e.g. Kafr El-Zyat city. To address questions of water quality and to suggest a low cost and available treatment process for some toxic metals (iron, manganese, zinc, copper, lead and cadmium), water samples from surface and bottom layers were collected at 3 stations and 3 drains. The results showed that the concentration of these metals are higher than the permissible levels due to the discharges of two industrial companies in this area (El-Malyia & Soda and Salt). The treated water can pass into River Nile safely and without any pollution for fish or sediment and the water quality remains good without any harmful risk throughout its usage (Daifullah et al., 2013) . Heavy metals in water, fish muscles, and whole fishbody: Table 11 illustrates the correlation coefficients between heavy metal levels in the River Nile water, tilapia muscles, and tilapia whole body. There were significantly positive correlations between Pb/Cu and Pb/Cd in fish muscles, whole fish Zn/muscular Fe, Cd/Cu in whole fish, Cd/Pb in whole fish, whole fish Fe/muscular Fe, Cu/Fe in whole fish, water Zn/muscular Cd, water Cu/muscular Cu, Cu/Zn in water, water Fe/muscular Fe, water Fe/whole fish Cu, water Fe/whole fish Fe, and Fe/Pb in water. Also, there were significantly negative correlations between water Cu/whole fish Pb and water Fe/muscular Cu. However, Saeed and Mohammed (2012) correlated between physico-chemical parameters of water and levels of some heavy metals (Cd, Cu, Fe, Pb, and Zn) accumulated in water and fish tissues. They found no strong correlation between fish metals concentration and some water quality parameters. Yet, electric conductivity had a negative effect on accumulation of Cd and Pb in gills and liver tissues. The concentrations of Cu, Fe, and Zn in water and edible part of fish were found below the notified toxic limits. Zyadah (1997) reported significant effects on water mineral contents (containing Cd and Pb) due to different locations and seasons. Also, he found high levels of heavy metals in the sediment and fish, exceeded the permissible limit. Yet, AboulNaga (2000) reported high trace metal concentrations in front of El-Tabia Pumping Station. Iron was the dominant metal in all humic acids and sediments examined. Humic acids are trace metals holders in the sediments, therefore humic acids play a major role in the geochemical cycling of the elements in the aquatic environment. Abdelhakeem et al. (2002) cited the tolerance limits of Pb, Fe and Cd in fish water as 0.10, 0.35 and 0.10 ppm, respectively and in fish body as 2, 30 and 0.5 ppm, respectively. Heavy metal concentrations in fish varied significantly depending on the type of the tissue, fish species and sampling location.
Moreover, Abdelhamid et al. (2013) reported that elements took the following descending order: Fe ≥ Pb ≥ Zn ≥ Cu ≥ Cd in the fish carcass. However, the element's concentrations took the following ranges: 0.00 -209.00, 0.00 -10.00, 0.00 -51.03, 56.00 -95.00, and 479 -1895 ppm, respectively. This reflects that the presence of a heavy metal in a fish body may not be followed its presence in the surroundings sediments or water. It may depend on its solubility, target medium, site of its location, as well as on different water quality criteria (salinity, pH, alkalinity, dissolved oxygen, microbial load….etc), sediment and fish species (differing in the metabolism). Also, Cd was at least in sediments and fish, but Cu was at least in water. This may be interpretable by calculating the BAF of these elements which were 2.57x10 4 , 1.66x10 2 , 1.33x10 4 , 4.12x10 3 and 7.49x10 5 for Pb, Cd, Cu, Zn and Fe, respectively, i.e. Fe was the heaviest element in the fish body, followed by Pb, Zn, Cu and at least Cd as mentioned before.
In this respect, the BAF of different heavy metals tested) in the M. cephalus studied from four sampling locations during two seasons showed significantly highest BAF in fish from Alexandria, Port Saied and El-Bardawil for Pb, Fe and Cd, respectively. Winter Pb-BAF and summer Fe-BAF were significantly higher than those of the other season. These BAFs of heavy metals in fish did not influence by the level of these metals in the fish rearing waters. The highest BAF of Fe in Port Saied fish samples was related also to the highest Fe contents in fish of this location. The same relation was confirmed for Cd in El-Bardawil fish samples, but not for Pb (Abdelhamid et al., 2006b) .
However, the commission regulation setting maximum Pb level for muscles of fish, released from the European communities, as 0.2 mg/Kg wet weight. Yet, the Egyptians' standards are 0.1 ppm Pb and Cd in food fish (ES, 1993) . Comparing these standards with the levels obtained herein, it would be indicated that there is a water pollution with heavy metals in all tested locations, particularly with Pb in summer, Fe in winter and Cd in both seasons and all locations. Abdelhakeem et al. (2002) cited the tolerance limits of Pb, Fe and Cd in fish water as 0.10, 0.35 and 0.10 ppm, respectively and in fish body as 2, 30 and 0.5 ppm, respectively. Heavy metal concentrations in fish varied significantly depending on the type of the tissue, fish species and sampling location.
Generally, Mugil cephalus L. showed higher levels of Fe and Pb concentrations than Sparus aurata L. (Yilmaz, 2005) . This may be due to the store tissue of each metal in the fish, i.e. Pb is probably an external pollutant (Rashed and Awadallah, 1994) , whereas Fe and Cd were internal pollutants. Therefore, Fe and Cd contents of fish affected positively their BAFs, but Pb was not. The same note is available for the effect of season, since BAF of Pb did not influence by its level in/or on the fish, whereas BAF of Fe was correlated with its level in fish, being the highest in summer season. Also, there were remarkable effects on microelements of fish muscles as well as their bioaccumulation factors due to sampling seasons and locations and fish species (Abdelhamid and El-Zareef, 1996) .
Seasonal and location variations as well as fish species' effects were reported before by Abdelhamid et al. (2006b) , who found that the highest (P ≤0.05) levels of the tested heavy metals were found in fish collected from Marsa Matroh (0.851 ppm Pb), Port Saied (2.40 ppm Fe) and El-Bardawil (0.081 ppm Cd). This may be related to the high content of Pb in water and sediments collected from location No. 1 during both seasons. Also, Fe level of the summer diet and winter collected sediments from Port Saied were the highest. Cd level in El-Bardawil sediment collected in summer was also the highest. The Fe concentrations range (1.3 -2.4 ppm) of fish tested was higher than that of Pb (0.172 -0.851 ppm) than Cd (0.016 -0.081 ppm), regardless to the sampling locations.
However, Abdelhamid et al. (1997) registered significant variations in heavy metals concentrations due to different fish species from the natural fisheries and to sampling locations too. They found that the elements' concentrations in the sediments and fishes were much higher than the corresponding values in the water, particularly for iron. Lead and cadmium levels in fish muscles were concentrated more in fish, while iron was highest in sediments followed by fish tissues. Mugil cephalus samples were more frequently contaminated than Liza ramada and Sparus aurata (Abdelhamid et al., 1997) . The effects of varying sampling locations and fish parts on the heavy metal level or presence were reported also by Abdelhamid et al. (2000) .
Anyhow, Cd is known to be human carcinogen (Mandel et al., 1995) , Bahr ElBakar drain water contained 0.910 and 0.0242 mg/l Pb and Cd, respectively, whereas its M. cephalus fish flesh contained 0.9376 and 0.0324 mg/Kg Pb and Cd, respectively (Galhoom et al., 2000) . Additionally, Salem (2003) found that Cd and Pb caused significant reduction in fish performance, survival, and muscular area. Cd and Pb ions were able to induce metallothionein gene expression in fish tissues, e.g. liver and gills (Cheung et al., 2004) . Its residues in fish flesh increased by dose increase. The protein banding patterns fluctuated in numbers and intensities by Cd concentrations. Generally, Mugil cephalus L. showed higher levels of Fe and Pb concentrations than Sparus aurata L. (Yilmaz, 2005) .
To interpret the collective death of fish in Domietta region, it was proved that the water of the studied area (El-Bostan village -Kafr El-Batiekh) has suffered from increase of iron concentrations. This picture is very harmful to fish life and production. Pollution of water was reflected in the form of heavy metal accumulation in different fish tissues. The lowest bioaccumulation factors were calculated in fish muscles; therefore, muscles only are suitable for human consumption. The bioconcentration of iron was higher than that of lead in fish muscles (Abdelhamid et al., 2000) .
However, any degree of poisoning will weaken the fish, making it vulnerable towards disease. Heavy metals can create problems and be concentrated in waterway organisms up to 9100 times more than the surrounding environment's levels, so may lead to acute or chronic effects (WRC, 2005) .
Also, it is a fact that body adaptive balance mechanisms for lead impacts were evident in different organ tissues of fish. Yet, Mzimela et al. (2002) reported that lead negatively affected the blood hematology and acid-base balance of the groovy mullet, Liza dumerili. Significant correlations were obtained for the levels of numerous metals in water, sediment and fish. The results of Xie and Klerks (2004) suggest that reduced uptake and accumulation of Cd accounted for approximately two-third of the increased resistance in the Cd-adapted lines of fish. However, Cd has been found to accumulate in reproductive organs of fish and disrupt important endocrine processes. Kirby et al. (2001) mentioned that mullet are directly exposed to trace metal concentrations as a result of feeding and the ingestion of contaminated sediment and detritus. Lower metal concentrations found in mullet tissues are attributed to the burial of highly contaminated sediment with material containing lower trace metal concentrations. Siam (2001) found high level of accumulation of Cd, Fe and Pb in the different organs (gills, liver, stomach and brain) of Alexandria coast fish, with respect to their corresponding in the muscle tissues. He added that the accumulation factors for these metals were higher in the herbivorous fish (Siganus rivulatus) than in the carnivorous ones (Mugil capito). Fe was the more pronounced one reflecting increase the trophic level of the fish. Cd level was generally lower than that of Pb in various organs while brain gained the highest values. Pb concentration ranged from 1.2 to 3.5 mg/kg in the stomach and brain while it ranged from 0.4 to 0.9 mg/kg in fish muscles.
Most of the fish generally showed levels of Cd in the organs, which are close to that of the recommended standard (2.0 mg/kg) of the National Health and Medical Council in Australia. However, none of them contained Cd concentrations above 0.5 mg/kg in their muscle tissues. Total length, body weight and age are mostly correlated biometric parameters with metallothionein and soluble metal concentrations in striped red mullet and golden grey mullet (Filipovic and Raspor, 2003) . Cadmium and lead were higher in muscular tissue from mullet (Mugil sp.) than snook (Centropomus sp.) and higher in summer than in winter (Joyeux et al., 2004) . Staniskiene et al. (2005) found high concentrations of Fe in 15 fish species as a direct result of water contamination with heavy metals. Metal concentrations were found to be influenced by fish species. Saeed and Mohammed (2012) concluded that chemical characteristics strongly influenced bioaccumulation of metals in water with no strong correlation between fish metals concentration (Fe, Zn, Cu, Mn, Cd and Pb) and some water quality parameters. However, metals bioavailability to Tilapia zillii is modified significantly by some water chemistry; pH, total alkalinity and dissolved oxygen but the effect is much stronger for some metals than the others. Electric conductivity (EC) had a negative effect on accumulation of Cd and Pb in gills and liver tissue. EC and Ca+2 have positive correlation on Zn accumulation in fish muscle tissues. The concentrations of all metals in water (except Cd and Pb) and edible part of fish were found below the notified toxic limits. However, these elements were lower in River Nile water than in five lake's water, but the opposite was true for the fish, since these elements were higher in River Nile fish than in five lake's fish.
A survey study was conducted on some heavy metals (Pb, Cd, Cu, Zn, and Fe) in water, sediment, and fish samples from Ashtoum El-Gamil protected area during May 2010 to January 2011. Data obtained revealed that there were significant (P≤0.0001) differences among sampling seasons and stations as well as their interactions concerning the levels of heavy metals tested in either water, sediment, or fish collected from this protected area. The elements level took the descending order Zn ≥ Cd ≥ Pb ≥ Fe ≥ Cu in the water, Pb ≥ Fe ≥ Cu ≥ Zn ≥ Cd in the sediment, and Fe ≥ Pb ≥ Zn ≥ Cu ≥ Cd in the fish body samples. Proximate analysis of the tested fish (mullet and tilapia) reflected also significant (P ≤0.0001) effect s due to sampling seasons and stations and their interactions besides fish species. Some significant correlations were calculated among heavy metals (in water, sediments, and fish) and chemical composition of the fish (Abdelhamid et al., 2013) .
Concentration of Zinc (Zn) in different tissues of Oreochromis niloticus, collected from four studied sites along the River Nile, Helwan (Egypt) was determined to detect its toxic effects on one of the most common fish in the River. Oreochromis niloticus fish was found to be a good bioassay indicator for water pollution with Zn. The results of this study clarified the importance of water chemistry in determining the bioaccumulation of the metals. The highest fluctuation from the measured water quality criteria of water samples collected from site before the industrial area, followed by that recorded for water was for those samples collected from site within the industrial area. In most cases, Zn had the least tendency to accumulate in muscles of O. niloticus. This means that it will be less hazardous to man if the fish muscles are the only to be eaten (Abbas and Mohamed, 2013) .
